. The present results provide reference values for lung function in such subjects.
Reference values for indices of lung function in healthy women are available from several sources but since the pioneer work of Needham et al (1954) few series have been reported from Britain. This paper describes the results for 113 healthy women in England and Wales of whom most were identified by a process of random sampling from the communities where they lived and who attended for a study of the physiological response to exercise (Cotes et al, 1974) . The present results provide reference values for lung function in such subjects.
Subjects and methods
We studied 141 subjects who were drawn from three separate investigations, and the results were pooled after it had been established that there were no significant differences between them. Seventyseven women were recruited from sampling randomly chosen houses in the Vale of Glamorgan, 21 from sampling the lists of general medical practitioners in Splott, Cardiff, and 43 from the domestic and academic staff of the Carnegie College of Physical Education, Leeds. The subjects completed the MRC questionnaire on respiratory symptoms and underwent clinical interview and examination; they were all considered to be in good health at the time of the study. None had chronic bronchitis as defined (Medical Research Council, 1965) .
The forced expiratory volume and vital capacity were measured using a McDermott bellows spirometer. The result used for the analysis in the case of the forced expiratory volume was the mean of three technically satisfactory blows after two practice attempts. The forced vital capacity was the mean of two determinations obtained on the last of three forced expirations and on one subsequent expiration. The total lung capacity and its subdivisions were measured by the helium dilution closed circuit method with the subject seated upright using a resparameter (Morgan), and this apparatus was also used for the measurement by the single breath carbon monoxide method of the transfer factor for the lung, (diffusing capacity), the diffusing capacity of the alveolar capillary membrane, and the volume of blood in the lung capillaries. The stature was measured using a stadiometer (Holtain). The percentage of body weight that is fat was estimated from the body mass and the skinfold thickness at four sites. The percentage was used both as an index of adiposity and to derive the fat free mass. The latter, when divided by the square of the stature, was used as an index of muscularity. All these measurements, which were made on a single occasion, are described in detail elsewhere (Cotes, 1979) . 359
The analysis relates to the 113 subjects for whom complete data were obtained and who were either current smokers (47) or non-smokers (66), the exsmokers being excluded. In the analysis the results for the diffusing capacity of the alveolar capillary membrane and the volume of blood in the lung capillaries were used in the reciprocal form in which they were derived; the 5% level of probability was accepted as significant.
Results
The mean values and ranges for the age, height, and mass of the subjects and for their lung function are given in table 1. Table 2 gives the linear regression relation on height and age or mass where these contribute significantly to the description of the findings. been obtained recently for children . Thus fat encroaches on the constituents of the functional residual capacity while the inspiratory capacity is related directly to muscularity with which the percentage fat is weakly correlated. In the case of the total lung capacity the effect of adiposity predominates and also explains the association with age that is observed in most series for women ( CECA ( 1971) Quanjer (1978) Tammeling (1961) Present result A M Hall, C Heywood, and J E Cotes mass, divided by stature squared, being accompanied by an increase in Kco. This may reflect the inverse relationship of Kco to total lung capacity with which these indices are inversely correlated.
The absolute level of the results after standardising for age and stature are compared with those for other studies (figs 3-6). These show that, neglecting any effect of smoking, the levels for forced vital capacity are similar to those reported by Dutch workers (Tammeling, 1961; Quanjer, personal communication to JEC, 1978) ) and in the . X,-,--/ ---Present result Billiet (1963 ) Salorime (1976) ____J EnEnglertetal(1978) Lund Larsen case of younger women by workers in Scandinavia (Berglund et al, 1963) but rather lower than for the women in heavy industry reported by the European Coal and Steel Community and for women in the Swiss electrical industry (Amrein et al, 1970) . This latter disproportion which relates particularly to the taller subjects, has been 1.7 noted previously (Cotes et al, 1966; Smidt and Nerger, 1976 Needham et al (1954) and by Goldman and Becklake (1959) , both of whom used the closed circuit helium dilution method. The present results are rather larger than those found by the other workers who often used different methods. The reasons for the discrepancy are unclear. It leads to the level of total lung capacity being rather more similar between most of the series than is the case for its two main constituents. The main exception is the total lung capacity calculated from the two-stage vital capacity in the present study. This yields results that are consistently higher than in any other series. The difference probably reflects mainly the procedure for measurement and suggests that the commonly assumed identity between the forced and the two-stage vital capacity that is based mainly on study of men and of children (Cotes et al, 1973b) may not obtain for women.
The values for transfer factor are higher than have been reported previously (see fig 6 for references) but in the case of the Kco the results for smokers and non-smokers separately resemble those in other series (fig 7) . Transfer factor is the product of Kco and alveolar volume. Thus while the Kco is influenced by many factors these are unlikely to be the cause of the high Tl. Instead this is due mainly to the alveolar volume being of above average size. The reasons may be partly technical though we believe this to be unlikely or a reflection of the level of habitual activity of our subjects. To investigate this aspect an association was sought between the transfer factor and the cardiac frequency during submaximal exercise with and without allowance for fat free mass (Cotes et al, 1973a) ; the expected relationship was obtained between cardiac frequency and fat free mass but the inclusion of cardiac frequency did not reduce the variability about the relation of the transfer indices on age, stature, and smoking. This negative result suggests that the level of habitual activity is not the cause of the high values but does not exclude it. Thus further studies are needed. The need is reinforced by the observation that lower values for the transfer factor have been reported previously from several laboratories, including that of Englert as well as our own (see Cotes and Hall, 1970 , for references). Thf effect of smoking on the function of the lungs is well reported; however in most instances it has not been separated from that of the cough and phlegm to which it gives rise (Fletcher et al, 1976) . In the present instance when this is done the deleterious effect of smoking is apparent in the case of the FEV%, the inspiratory capacity, the transfer factor, the Kco, the diffusing capacity of the alveolar capillary membrane, and the volume of blood in the alveolar capillaries. There is a similar trend for the functional residual capacity, but it is not statistically significant. The effect is in most instances additive and independent of age (table 3) but in the case of the inspiratory capacity it disappears when indices of muscularity are also included in the regression equation. In the case of the transfer factor and its subdivisions there is an additional interaction between age and smoking; the decline in transfer factor with age being greater in the non-smokers than in the smokers (table 3, fig 6) . The women. 
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